It has been suggested that infants respond preferentially to infant-directed speech because their auditory sensitivity to sounds with extensive frequency modulation (FM) is better than their sensitivity to less modulated sounds. In this experiment, auditory thresholds for FM tones and for unmodulated, or pure, tones in a background of noise were measured for 4-month-old infants using a conditioned response procedure. The FM tones swept from 150 to 275 Hz or from 150 to 550 Hz. The frequency of the pure tone was either 275 or 550 Hz. The results showed that infants were slightly, but significantly, more sensitive to the sounds that included 550 Hz than they were to the lower frequency sounds, whether or not the sound was frequency modulated. It appears that infants could be somewhat more sensitive to infant-directed than to adult-directed speech, not because of FM per se, but because the fundamental frequency excursions in infant-directed speech extend into a higher frequency range than those in adult-directed speech.
changes in the communication context. However, Newman and Hussain (2006) showed recently that 4.5-month-old infants do not show greater preference for ID speech in a noisy background than they do in quiet. This finding argues against the idea that infants prefer ID speech because they can hear it better, but as Newman and Hussain pointed out, infants may still hear ID speech better but exhibit no preference for it over AD speech.
The primary goal of this experiment was to determine whether infants' detection thresholds for an FM tone analog of ID speech are lower than their thresholds for an FM tone analog of AD speech. A method developed specifically to test infants' auditory sensitivity (Werner, 1995) was used. The FM tones were identical to the 150 to 275 Hz and 150 to 550 Hz sweeps used by Colombo et al. (1995) . Pure tones of 275 and 550 Hz were used as unmodulated comparison signals. Including the pure tones made it possible to determine whether it is the presence of FM or the presence of higher frequencies in the ID FM sweep that is responsible for any threshold differences. If FM helps infants to perceptually segregate the tone from the background noise, the difference between thresholds for pure tones and FM tones could be on the order of 10 dB. However, to adults, a 550-Hz tone will be a few dB more audible than a 275-Hz tone, because masked threshold tends to grow relatively worse with decreasing frequency below about 500 Hz (Patterson & Moore, 1986) . 1
METHOD Participants
Fifty-seven infants participated, with an average age at the initial testing session of 17.4 weeks (SD = 1.1 week).
Infants had no risk factors for hearing loss as reported by a parent, had suffered two or fewer episodes of otitis media and no episode within the prior week, and were healthy on the test day. All infants passed screening for middle ear fluid on the test day. The data from an additional 72 infants were excluded from analysis: 33 infants did not reach training criterion; 20 infants did not provide sufficient test data; and 19 infants completed testing but were excluded because of high variability of reversals, low response rate on probe trials, or high false alarm rate (see later). Examination of the thresholds of infants who reached training criteria, but whose data did not meet other inclusion criteria, showed that the excluded thresholds were slightly higher and more variable than those included in the analyses but were similarly affected by stimulus condition.
Stimuli and Procedure
The stimuli were FM tones, pure tones, and a broadband noise masker. All of the stimuli matched those used by Colombo et al. (1995) except for the 550 Hz tone, which was not used in that experiment. The FM tones mimicked the frequency contour of AD speech (150-275 Hz FM tone) or ID speech (150-550 Hz FM tone). Pure tones of 275 and 550 Hz were the highest frequency in each FM tone. All signals were 1 sec in duration, including a 16-msec rise and fall time. The FM tones swept linearly from the lowest to the highest and back to the lowest frequency in 1 sec. Signals were presented in a continuous background of broadband noise. The spectrum level of the noise was 25 dB SPL. Stimuli were digitally generated and low-pass filtered at 4,000 Hz using TDT system III programmable hardware. Custom software was used to control the experiment. Spectrum analysis confirmed the frequency content of the signals; the spectrum of the noise was flat below 1,000 Hz.
Each infant was randomly assigned to participate in one of the four signal conditions. Infants were tested in two visits within 2 weeks, each lasting approximately 45 min.
Infants were tested in a single-walled, sound-attenuating room using an observer-based procedure (Werner, 1995) . Infants sat on their parent's lap in the room throughout testing. The stimuli were delivered to the infant's right ear through an ER1 insert earphone, through a foam tip. To keep the infant facing toward midline, an assistant sat in the room to the left of the parent and infant and manipulated quiet toys. Masking sounds were presented to both the parent and the assistant through circumaural headphones. To the right of the infant and parent were two mechanical toys enclosed with lights in a dark Plexiglas box. The noise was presented continuously in the background throughout the session.
An observer sat outside the booth and watched the infant through a window and on a video monitor. The observer began a trial when the infant was quiet and facing ahead. On each trial either a signal (FM tone or pure tone) or a no signal (noise only) was presented. The observer did not know the trial type, but judged whether a signal or no signal had been presented on each trial, based on the infant's behavior. The observer received feedback after every trial. The infants learned to respond when they heard a signal because the mechanical toys were illuminated and activated as reinforcement whenever the observer correctly identified a signal trial. Typical infant responses included changes in motor activity and looking in the direction of the mechanical toys.
Sessions began with two training phases. The signal level was expected to be clearly audible in both training phases, based on previous studies and on pilot data. The purpose of the first training phase was to demonstrate the relation between the reinforcer and the signal. The purpose of the second training phase was to teach the infant that a response was required on a signal trial to turn on the toy. Training ended when the observer achieved a hit rate of at least .8 and a false alarm (signal response on a no-signal trial) rate of no greater than .2. The average number of trials required to complete both training phases was 27.5 (SD = 11.5), with no differences across conditions.
In the testing phase, detection thresholds were determined adaptively: Signal level decreased if the signal was correctly detected on two consecutive trials and increased if the signal was missed on any trial (Levitt, 1971) . The starting level of the signal was approximately 10 dB higher than the expected threshold. The initial step size was 6 dB and varied during testing following Parameter Estimation by Sequential Tracking (PEST) rules (Taylor & Creelman, 1967) . Testing ended when eight reversals were obtained and threshold was calculated as the average of the last six reversals. The probability of a signal trial was .75 and the probability of a no-signal trial was .125. In addition, probe signals at the training level were presented with a probability of .125. Thresholds were accepted only if the false alarm response rate was lower than .4, the probe response rate was greater than .6, and eight reversals with the last six within a 10 dB range were obtained. The number of thresholds obtained in each of the four conditions ranged from 13 to 16.
RESULTS
Average thresholds for each condition are shown in Figure 1 . Thresholds were lowest for the 150 to 550 Hz FM tone, followed by the 550 Hz pure tone, the 150 to 275 Hz FM tone, and the 275 Hz pure tone. Thus, thresholds for the sounds containing the higher frequencies appeared to be a few dB lower than thresholds for the lower frequencies; thresholds for the FM tones appeared to be slightly lower than thresholds for the pure tones.
A frequency (high or low) × stimulus type (FM or pure tone) analysis of variance (ANOVA) was performed. The interaction term was not significant, F(1, 53) = .04, p = .84, η p 2 = .001. Thresholds for the 150 to 550 Hz FM tone and the 550 Hz pure tone were significantly lower than thresholds for the 150 to 275 Hz FM tone and the 275 Hz pure tone, F(1, 53) = 5.88, p = .02, η p 2 = .100. However, the FM tone thresholds were not significantly different from the pure tone thresholds, F(1, 53) = 1.51, p = .23, η p 2 = .028. Two additional analyses were completed to ensure that the effects reported were not the result of across-condition differences in response bias or in asymptotic level of performance. Both of these variables can influence the accuracy with which an adaptive technique estimates threshold. First, Frequency × Stimulus Type ANOVAs of false alarm rate, of probe response rate, and of the range of the psychometric function (the difference between probe response rate and false alarm rate) indicated no significant main effects or interaction (all ps > .11, η p 2 < .05). Thus, there was no evidence that these variables differed across stimulus conditions. The average false alarm rate was .31 (SD = .12), and the average probe hit rate was .88 (SD = .15).
Second, a psychometric function, p(hit) as a function of level, was fit to the pooled data of all infants in each condition using probit analysis (Finney, 1970) . Responses were combined over a range of 3 to 4 dB. The observed false alarm rate and hit rate for intensities over 80 dB were specified as the lower and upper asymptotes of the functions, respectively. The resulting functions range from 0 to 1, because they are effectively rescaled based on the false alarm rate and the asymptotic hit rate. They represent the predicted sensitivity of the infants, independent of false alarm rate and asymptotic hit rate. Thresholds calculated from pooled psychometric functions would be expected to produce thresholds and threshold differences similar to those obtained from the adaptive procedure, although the slopes may not reflect the slopes of the individual infants' psychometric functions accurately. The best fitting psychometric functions are shown in Figure 2 . Note that the functions for the 150 to 550 Hz FM tone and the 550 Hz pure tone fall to the left of the functions for the 150 to 275 Hz tone and the 275 Hz pure tone (i.e., at lower intensities). Thresholds were estimated from the fitted pooled psychometric functions as the level yielding a 0.7 p(hit), the value on which the adaptive procedure should have converged. The thresholds differed from those plotted in Figure 1 by 1 to 3 dB, but the pattern of results paralleled that seen in the adaptive thresholds. The difference between the 550 Hz and 275 Hz pure tone thresholds was 3.6 dB, and the difference between the 150 to 550 Hz and 150 to 275 Hz FM tone thresholds was 4.9 dB. The differences between the pure tones and FM tones were 1 to 2 dB. Thus, the results were generally consistent across analyses.
DISCUSSION
The results of this study indicate that infants have slightly, but significantly, lower thresholds for an FM tone that mimics the frequency contour of ID speech than they do for an FM tone that mimics the frequency contour of AD speech. The same threshold difference is seen between two pure tones with frequencies matching the highest frequencies in the ID and AD FM sweeps, respectively. Similar frequency effects in pure tone detection in noise are reported in published studies of adult hearing (e.g., Moore, Peters, & Glasberg, 1993) . The results reported here suggest that the difference between FM tones in detection threshold is a consequence of the fact that the highest frequencies in the ID sweep are detectable at lower intensities than the highest frequencies in the AD sweep. The thresholds obtained here are consistent with the results of Colombo et al. (1995) , because the sound levels used in that study would have been just above the threshold reported here for the 150 to 550 Hz FM sweep, and just at or below the thresholds reported here for the 150 to 275 Hz FM sweep and the 275 Hz pure tone.
These results indicate that infants may be somewhat more sensitive to ID speech than to AD speech, because ID speech contains higher frequencies than AD speech. One unanswered question is whether or not the threshold difference observed for FM tones can be generalized to ID and AD speech. Fundamental frequency excursion, independent of the frequency range, may be more important for FIGURE 2 Best fitting pooled psychometric functions for FM tones (dashed lines) and pure tones (solid lines) with maximum frequency of 550 Hz (thick gray lines) and 275 Hz (thin black lines). The functions were fitted using probit analysis with the observed false alarm rate and asymptotic hit rate as parameters. Corrected p (hit) refers to the fact that the observed p(hit) is effectively adjusted for false alarm rate and asymptotic hit rate in the fitting process.
